Streptococcal infections, which have increased in number during the last decade as a consequence of the intensification of aquaculture, are responsible for significant economic losses in the fish farm industry. Streptococcosis of fish, from a clinical point of view, is a generic term used to designate similar, but different, diseases in which any one of at least six different species of gram-positive cocci, including streptococci, lactococci, and vagococci, are involved (2, 20) . The main pathogenic species responsible for these streptococcal infections are Streptococcus parauberis, Streptococcus iniae, Streptococcus difficilis, Lactococcus garvieae, Lactococcus piscium, Vagococcus salmoninarum, and Carnobacterium piscicola (2, (13) (14) (15) . Water temperature is considered a predisposing factor for the onset of the disease caused by these pathogens. Thus, outbreaks associated with infections by L. piscium, V. salmoninarum, and C. piscicola usually occur at water temperatures below 15°C and are termed cool-water streptococcosis (20) . On the other hand, outbreaks that occur at water temperatures above 15°C, or warm-water streptococcosis, are produced by L. garvieae, S. iniae, S. parauberis, and S. difficilis (20) . Infections associated with these bacterial pathogens have been reported in many different countries and in different marine and freshwater fish species (1, 5, 7, 8, 10-15, 17, 18, 22-25) , but the economic and health impacts of warm-water streptococcosis are especially noticeable in Mediterranean countries (8, 12, 15) . Fish with warm-water streptococcosis exhibit very similar symptoms and clinical signs regardless of the etiological agent (2, 10-12, 15, 20) , and therefore a definitive diagnosis of the etiological agent has to be based on the microbiological analysis of diseased fish. Warm-water streptococcosis-associated pathogens can be identified by culture-based methods and biochemical tests. Nevertheless, biochemical identification of some of these bacteria can be difficult when using commercial identification systems because they are not included in the databases of currently available commercial systems. Individual PCR assays have been developed for detection and identification of the fish pathogens associated with warm-water streptococcosis (3, 19, 21, 26) . However, a large number of individual PCR assays would be necessary if single primer sets are used on a large number of clinical samples, which can be a relatively costly and time-consuming process. The simultaneous detection of several pathogens with a multiplex PCR (m-PCR) approach would be relatively rapid and cost-effective. An m-PCR assay for the simultaneous detection of Aeromonas salmonicida, Yersinia ruckeri, and Flavobacterium psychrophilum has been described recently (9) . In this work, an m-PCR assay was developed for the simultaneous detection of S. iniae, S. difficilis, S. parauberis, and L. garvieae from pure cultures and fish tissues.
Bacterial strains and growth conditions. Collection and clinical strains of S. iniae, S. difficilis, S. parauberis, and L. garvieae used in the present study are listed in T . All bacterial strains were grown on Columbia blood agar plates (bioMérieux España S.A.) for 24 to 48 h at 30 or 22°C, depending on the characteristics of the individual organisms.
Isolation of bacterial DNAs. Bacterial chromosomal DNA used in PCR assays was extracted by the phenol-chloroform method described previously (4). Purified DNA was dissolved in 100 l of distilled water and then stored at Ϫ20°C until use.
Primers and m-PCR amplification conditions. The target gene and oligonucleotide primer set used for the detection of each of the four fish bacterial pathogens in the m-PCR are indicated in Table 2 PCR-generated products were detected by electrophoresis of 20 l of each amplification mixture in 2% agarose gels in 1% Tris-acetate-EDTA buffer. Gels were stained with ethidium bromide (0.5 g ml Ϫ1 ). Sensitivity and specificity of the m-PCR assay. The specificity of the m-PCR assay was evaluated by testing the four primer sets with the purified DNAs of all the strains (separately or in different combinations) indicated above. Positive PCR amplification of DNA templates from L. garvieae, S. iniae, S. parauberis, and S. difficilis produced a single fragment, of the expected, for each pathogen (1,100, 870, 718, and 192 bp, respectively), as shown in Fig. 1 (lanes 3 to 6) . The four bacterial pathogens were simultaneously amplified with relatively equal DNA band intensities (Fig. 1, lane 7) . No DNA amplification was observed with the other phylogenetically related bacteria, with the exception of S. agalactiae when the primer set Sdi 61-Sdi 252 was used. A 192-bp amplicon similar to that exhibited by S. difficilis (Fig. 1, lane 6) was observed with S. agalactiae strains (data not shown), which is in agreement with previous results (23) . This can be explained by the high level of genetic relatedness of the two species (3, 23) . However, the implications of this nonspecific amplification in ichthyopathological diagnosis are not especially noteworthy because S. difficilis can be considered a phenotypic marine variant of S. agalactiae (23) , which has also been reported as a fish pathogen (16) .
The sensitivity of the m-PCR assay was tested using pure DNA and bacterial suspensions of S. iniae ATCC 29178 T , S. difficilis CIP 103768 T , S. parauberis NCDO 2020 T , and L. garvieae ATCC 43931
T . All m-PCRs assessing limits of detection were performed in triplicate. One hundred nanograms of purified genomic DNA of each type strain was twofold serially diluted in sterile water down to 3 pg per PCR. Aliquots of 5 l of each dilution were mixed together with the same volume of the respective dilutions of the other bacteria, and the mixtures were used as DNA templates for the m-PCR assay. The sensitivity of m-PCR when using purified DNA of the bacterial type strains was 25 pg for S. iniae, 12.5 pg for S. difficilis, 30 pg for S. parauberis, and 50 pg for L. garvieae. Also, bacterial suspensions of each type strain were prepared from log-phase cultures on brain-heart infusion broth (Difco) and further adjusted to an optical density equivalent to 6 MacFarland units. Initial bacterial suspensions were 10-fold diluted five times and then 2-fold serially diluted in 0.9% saline solution. These dilutions were used to determine the initial concentration of each bacterium, as well as for subsequent DNA extractions for PCR. The concentration of each bacterium (2 ϫ 10 9 cells of L. garvieae or S. difficilis/ml and 4 ϫ 10 9 cells of S. iniae or S. parauberis/ml) was determined by surface plating (0.1 ml) of the appropriate dilutions onto Columbia blood agar plates (bioMérieux España S.A.). Also, 100 l of each dilution was mixed with the same volume of the respective dilution of each of the other bacteria. The mixture was processed for DNA extraction (6) , and the DNA obtained was dissolved in 10 l of sterile distilled water and added directly to the PCR mixture. The detection limits per m-PCR were the amounts of DNA templates resulting from 62 to 31 cells for S. iniae, S. parauberis, and L. garvieae and 250 to 125 cells for S. difficilis (Fig. 2) .
m-PCR for the detection of bacterial pathogens in artificially inoculated and naturally infected fish tissue homogenates. The sensitivity and specificity of the m-PCR assay were also determined with artificially inoculated fish tissue homogenates. Brains, livers, and kidneys were aseptically obtained from five rainbow trout and five sea bream of market size. These organs were weighed and blended with the appropriate volume of 0.9% saline solution to obtain a 1/10 dilution of each organ. The specificity was tested using different mixture combinations of the four targets as well as the other phylogenetically related bacterial species employed in the study. Noninoculated tissue homogenates were used as controls. Specific positive amplifications in all inoculated tissue homogenates were consistently observed only for each corresponding pathogen, while no DNA amplifications were observed with other, nontargeted bacteria (Fig. 1, lanes 9 to 12) . Noninoculated tissues were always PCR negative.
Bacterial suspensions containing 2. Naturally diseased rainbow trout and European eels with clinical signs compatible with streptococcosis (erratic swimming, lethargy, darkening of the skin, exophthalmia, ascitis, enlargement of spleen and liver, and hemorrhagic enteritis and encephalitis), taken from different fish farms, were simultaneously investigated by m-PCR and microbiological analysis in order to identify the etiological agent. The fish were sacrificed, and brains, livers, and kidneys were removed and diluted 1/10 as described above. Fifty-microliter volumes of the tissue homogenates were processed for DNA extraction and PCR experiments. For microbiological analysis, a loopful of each tissue homogenate was streaked onto a Columbia blood agar plate (bioMérieux España S.A.) and incubated at 30°C for 24 h. In addition, tissue homogenates were 10-fold serially diluted to determine the bacterial concentration: 100-l volumes of the appropriate dilutions were surfaced plated onto Columbia blood agar plates (bioMérieux España S.A.), which were incubated for 24 h at 30°C. Bacterial isolates were biochemically characterized with the Rapid ID32 STREP system (bioMérieux España S.A.) and identified as L. garvieae. In the m-PCR assay, the amplification of a single DNA band of 1,100 bp, specific for L. garvieae, was obtained from the samples of naturally diseased fish (Fig. 1, lanes 13 to 15) . Conventional microbiological analysis confirmed the PCR results, and L. garvieae was isolated from all of the PCR-positive samples. Samples that were m-PCR negative were also negative by the culture method. The concentration of L. garvieae in tissues of naturally infected fish ranged between 5 ϫ 10 3 and 1.5 ϫ 10 7 cells/g. These results show that this m-PCR assay is an effective tool for the rapid and specific detection of S. iniae, S. difficilis, S. parauberis, and L. garvieae, the main pathogens involved in warm-water streptococcosis, obtained not only in pure culture but also from inoculated-fish tissue homogenates and naturally infected fish. Therefore, it could be a useful alternative to the culture-based method for the routine diagnosis of warm-water streptococcal infections in fish.
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